
articles

or downfield 15N doublet component29, a 3D 1Hα-coupled(F1)
HCA(CO)N experiment, and a 2D constant time 13C'-coupled/1Hα-
decoupled(F1) 1H-13C HSQC experiment respectively. 1JNC' and 2JHNC'

couplings were obtained from a 2D 13C'-coupled/13Cα-decoupled(F1)
1H-15N HSQC experiment30. The precision of the measured 1DNH,
1DCαH, 1DCαC', 1DNC' and 2DHNC' dipolar couplings was ~0.5–1.0 Hz,
~1–1.5 Hz, ~1.0–1.5 Hz, ~0.5–1.0 Hz and ~1.0–1.5 Hz respectively.
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The measured 1DNH values ranged from -31 to +20 Hz, and the
normalization factors (given by γNγH<rNH

–3>/γAγB<rAB
–3> where γ

and r represent gyromagnetic ratios and distances respectively)
employed for 1DCαH, 1DCαC',

1DNC' and 2DHNC' relative to 1DNH were
0.48, 5.36, 9.04 and 3.04 respectively. The magnitude of the
axial and rhombic components of the alignment tensor DNH

were obtained by examining the distribution of normalized
dipolar couplings31 which yielded values of Da

NH = -17.0 Hz and
R = 0.17, where Da

NH is the axial component of the tensor and R
is the rhombicity defined as the ratio of the rhombic to axial
components of the tensor. This value of Da

NH corresponds to a
value of 1.48 × 10–3 for Aa which is the unitless axial component
of the molecular alignment tensor A. Heteronuclear 15N-{1H}
NOEs were measured as described32 and identified only a single
residue with a 15N-{1H} NOE less than 0.6, namely Ser 52 which
had an NOE value of ~0.4.

Structure calculations. Approximate interproton distance
restraints, derived from multidimensional NOE spectra, were
grouped into four distance ranges, 1.8–2.7 Å (1.8–2.9 Å for NOEs
involving NH protons), 1.8–3.3 Å (1.8–3.5 Å for NOEs involving NH
protons), 1.8–5.0 and 1.8–6.0 Å, corresponding to strong, medi-
um, weak and very weak NOEs respectively9. 0.5 Å was added to

the upper bound for distances involving methyl groups to account for
the higher apparent intensity of the methyl resonances. Distances
involving non-stereospecifically assigned methylene protons, methyl
groups, and Hδ and Hε protons of Tyr and Phe, were represented as a
(Σr–6)–1/6 sum33. The structures were calculated by simulated anneal-
ing12,34 using the program CNS35, adapted to incorporate pseudopo-
tentials for three-bond coupling constants36, secondary 13Cα/13Cβ

chemical shifts37, proton chemical shifts38,39 and residual
dipolar coupling40 restraints, and a conformational data-
base potential for the non-bonded contacts derived from
very high resolution (1.7 Å or better) X-ray structures41,42.
The target function that is minimized during simulated
annealing and restrained regularization comprises quadrat-
ic harmonic potential terms for covalent geometry, 3JHNHα
coupling constant restraints, secondary 13Cα and 13Cβ chem-
ical shift restraints, 1H chemical shift restraints, and dipolar
coupling restraints; square-well quadratic potentials for the
experimental distance and torsion angle restraints; a quar-
tic van der Waals repulsion term and a conformational
database potential term for the non-bonded contacts. The
latter biases sampling during simulated annealing refine-
ment to conformations that are likely to be energetically
possible by effectively limiting the choices of dihedral
angles to those that are known to be physically realiz-
able41,42. There were no hydrogen-bonding, electrostatic, or
6–12 Lennard-Jones empirical potential energy terms in the
target function.

Structure figures were generated using the programs
MOLMOL43, GRASP44 and RIBBONS45. The secondary struc-

Fig 6 a,b Two views mapping the electrostatic potential
(left-hand panels) and the two highest ranking surface
hydrophobic clusters (center panels) on the molecular sur-
face of cyanovirin-N. The first (a) and second (b) highest
ranking hydrophobic clusters are located in domains A and B
respectively. In the left-hand panels, the electrostatic poten-
tial is colored from red (negative charge) to blue (positive
charge). In the center panels regions of highest hydropho-
bicity are colored yellow, those of lowest hydrophobicity are
colored purple, and the gradient from yellow to white to
purple corresponds to decreasing hydrophobicity. Shown in
the right-hand panels are the Cα worm representations in
the same orientation as the corresponding surfaces where
hydrophobicity has been mapped onto the backbone worm
with the same color scheme used for the center panels.

a b

c d

Fig. 5 Comparison of the fold of domains a, A and b, B of
cyanovirin-N with c, the hyperthermophile DNA binding protein
Sac7d18 and d, the SH3 domain of spectrin47
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